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ADAPTIVE DATA RATE PACKET 
COMMUNICATIONS SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a DIVISIONAL of application 
Ser. No. 07/965,700 ?led on Oct. 23, 1992, now U.S. 
Pat. No. 5,274,667. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 
The present invention relates to packet communica 

tions systems which transmit data along a communica 
tions channel from station “A” to station “B”). A feed 
back path is provided on which station “B” will inform 
station “A” when a “valid” packet of data is received. 
The “validity” of a received packet will be determined 
at station “B” by means of a digital error control coding 
(for example the Cyclic Redundancy Check code CRC 
16 or CRC-CCITT, the popular 16-bit codes used in the 
United States and Europe respectively). The advantage 
of the present invention reside in the way digital error 
control coding, spread-spectrum modulation. interleav 
ing, and feedback techniques are utilized such that for 
the existing in situ channel conditions a minimum 
amount of energy is used to transmit each packet of 
information by automatically compensating for changes 
in the conditions of the channel. 

2. DESCRIPTION OF THE PRIOR ART 
In the prior art, data communications systems having 

feedback use an Automatic Repeat Request (ARQ) 
scheme. The three common variants are the Stop-and~ 
Wait ARQ, the Go-Back-N Continuous ARQ, and the 
Selective-Repeat Continuous ARQ; variations of these 
three common variants also exist. All current feedback 
error control techniques suffer a common disadvantage 
in that they discard an entire frame of information if an 
error is detected. 

U.S. Pat. No. 3,754,211 issued on Aug. 21, 1973 to 
Edward Y. Rocher et al discloses a data communica 
tions system by which blocks are retransmitted when no 
acknowledgment is received within a speci?ed period 
of time. 

Japanese patent number 55-73157 published Feb. 6, 
1980 by Kazumasa Kumakura and UK. Patent Applica 
tion published Mar. 11, 1987 by Takahashi et al disclose 
the use of an ACK signal to acknowledge the proper 
receipt of data while a No ACK signal is sent in re 
sponse to error corrupted data being received. 

U.S. Pat. No. 4,803,685 issued Feb. 7, 1989 to Chris 
tian Oget and U.S. Pat. No. 4,905,234 issued Feb. 27, 
1990 to Jeffrey S. Childtess disclose a process to specify 
which frames have not been received properly and 
retransmitting those frames. 

U.S. Pat. No. 4,393,501 issued Jul. 12, 1983 to Rich 
ard A. Kellogg et al and U.S. Pat. No. 4,270,205 issued 
May 26, 1981 disclose data communication systems 
with variable data rates. 
The article by Mark Hewish et al (Defense Electron 

ics & Computing Number 3 [Editorial Supplement to 
International Defense Review, July 1991]) discloses 
timing signals transmitted by the Global Positioning 
System (GPS) usable with the present invention. 
None of the above inventions and patents, taken ei 

ther singly or in combination, is seen to describe the 
present invention as claimed. 
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2 

SUMMARY OF THE INVENTION 

Definition of Terms and General Background 

1. In non-spread spectrum digital communications 
systems the minimum “quantity” of information is equal 
to the transfer “unit”: both are refereed to as a “bit”. 

2. In a spread spectrum digital communications sys 
tem the minimum “quantity” of information is a “bit”, 
but the transfer unit is one “chip”, which has some 
average fractional relationship to a “bit”. Therefore, a 
plurality of chips representing one bit is transmitted 
until a correct recognition acknowledgement (CRA) 
signal is received by the transmitter. The CRA is sent to 
the transmitter along a feedback path by the receiver 
after recognizing the bit represented by the plurality of 
chips received. 

3. One can use the time associated with one chip from 
each bit of a packet to transmit information over the 
feedback channel. In this manner, the transmitter would 
only transmit one additional chip after the receiver has 
already recognized the bit represented by the plurality 
of chips before the transmitter would receive the CRA 
and start transmitting the first chip representing the next 
bit of the frame. For this situation the Throughput Effi 
ciency in terms of energy utilization required for effec 
tive communications is equal to the Chip-To-Bit Ratio 
(CBR) divided by the quantity one plus the CBR. 
Any random compound error channel (that is a chan 

nel that has a mixture of independent errors and burst 
errors present) can be transformed into an independent 
error channel, or what I call a stochastic communica 
tion channel, by using a digital spread-spectrum modu 
lation and a pseudo random interleaving process. The 
result is the distribution of fractional portions of infor 
mation throughout the transmission such that any ran 
dom or periodic noise burst (with the exception of noise 
bursts that correlate with the pseudo random interleav 
ing, or very intelligent jamming) will be distributed to 
as many bits of information as possible. A noise burst 
can have a duration as follows and will have the associ 
ated effect on communications effectiveness: 

1. A duration of one chip or less. Very little effect on 
the transmission because of the high Chip-To-Bit ratio. 

2. A duration of greater than on chip but less than one 
chip frame. Very little effect on the transmission be 
cause of the high Chip-To-Bit ratio. The interleaving 
has spread the effect of the burst out among the bits in 
the message and thereby prevented a concentrated ef 
fect on one bit. 

3. A duration of greater than one chip frame but not 
beyond the power of the spread spectrum technique to 
overcome. Very little effect for the same reasons stated 
above. 

4. A duration in excess of the effectiveness of the 
spread spectrum technique in use. The bit level error 
control coding technique will need to be used to iden 
tify the presence of errors. The effectiveness of the 
digital error control coding technique is enhanced be 
cause the noise environment appears stochastic rather 
than impulsive. 
The present invention is a process that utilizes a vari 

ety of communications techniques in a particular 
method to provide a reliable digital packet communica 
tions apparatus. These techniques include digital error 
control coding, spread-spectrum modulation with inter 
leaving, and feedback techniques. It is assumed that 
each packet will be of ?xed size. 
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In the examples that follow I have used a frame size 
of 1400 bits, the chip to bit ratio to overcome thermal 
noise is assumed to, be 10, the nominal chip to bit ratio 
for an average gaussian noise environment is 100, and 
the chip to bit ratio to indicate an abnormal system 
condition requiring operator action will be ten times the 
nominal chip to bit ratio or 1000. 

The Transmission Process 

In broad terms the transmission process proceeds as 
follows: 

1. A packet is obtained from a transmission buffer. 
2. A digital error control code is appended to the 

packet to produce a frame. 
3. The frame is modulated by a long binary pseudo 

random number (PRN) code (the spread spectrum mod 
ulation). In this step the length of the PRN is such that 
a signi?cant number of chips in excess of what is ex 
pected to be required are produced for each bit. If the 
original system design indicates that a nominal chip to 
bit ratio of 100 is expected, a modulation process that 
yields 1000 chip for each bit would not be unreasonable. 

4. The spread spectrum chips are interleaved to pro 
duce chip frames. This step results in Groupings of 
chips such that if a frame has 100 bits then the ?rst chip 
frame would consist of 1400 chips where the ?rst chip 
from each of the 1400 bits would comprise the chip 
group. 

5. The ordering of the chips in each chip frame is 
dependent on another PRN. 

6. The transmitter starts sending the chip frames in 
sequence to the receiver station. 

7. The transmitter station listens for a Correct Re 
ceipt Acknowledgment (CRA) form the receistation on 
the feedback channel. 

8. While the transmitter is sending one bit frame and 
listening for the CRA it prepares the next bit frame for 
transmission. 

9. When the transmitter detects the CRA on the feed 
back channel it selects the ?rst chip frame from the next 
bit frame for transmission at the conclusion of the cur 
rent chip frame. 

10. The transmitter repeats steps 7, 8, and 9 until all 
packets are transmitted, 

The Reception Process 

In broad terms the reception process proceeds as 
follows: 

1. The receiver establishes synchronization with the 
transmission station. 

2. The receiver correlates the chip frames. This is the 
inverse of steps four and three of the transmission pro 
cess above. 
That is the chips are rearranged in a normal order 

from their pseudo random order, and the chips for each 
bit in the frame correlated for association to yield a bit 
determination. 

3. After sufficient chips are associated for each bit a 
bit determination is made: the result is a bit frame. The 
determination of “suf?cient” chips is based on many 
factors including the design minimum chip to bit ratio 
based on thermal noise, and evaluation of in situ condi 
tions based on the preferred synchronization process. 

4. The received bit frame from step three above is 
evaluated for validity based on the error control code 
that was appended in step two of the Transmission 
Process. If the bit frame is validated the process contin 
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4 
ues to step ?ve below, if not the process repeats step 
three above to obtain another chip frame. 

5. Start sending the CRA to the transmission station 
on the feedback channel. 

6. Evaluate the succeeding chid frames to detect the 
transition to the next bit frame. Once the bit frame tran 
sition is detected stop sending the CRA and go to step 
two above. 

The Synchronization Process 

In the preferred embodiment this system will operate 
in a full duplex mode, that is information transmission in 
both directions at the same time. In this condition, both 
station A and station B will transmit the synchroniza 
tion signal and acknowledgment information on the 
same channel. The receiver must know three things: 
?rst, exactly when each chip frame starts; second, ex 
actly how long a chip frame lasts: and third, exactly 
when a ?rst chip frame of any bit frame starts. 
The transmitter station will continuously transmit a 

signal on the synchronization/feedback channel. This 
signal will always have a period equal to the duration of 
one chip frame and be constructed such that the start of 
each chip frame can be discerned. Two basic signal 
constructions are required, with each having four possi 
ble alternate constructions (for a total of ten signal 
structures) 

1. The ?rst sequence will indicate the start of a bit 
frame and have a total duration of the bits per frame 
times the thermal noise chip to bit ratio (using the exam 
ple numbers this would be 10 times 1400 or 14000). This 
chip sequence would be so constructed that the exact 
start point of the sequence could be calculated from a 
sample as small as one chip frame (1400 chips). 

2. The second sequence will indicate the chip frame 
timing of transmitted information and have the duration 
of one chip frame (1400 chips). 
Each of the two sequences described above will have 

four alternate con?gurations to indicate one of four 
feedback conditions: correct receipt of a ?rst frame, 
correct receipt of an even frame, correct receipt of an 
odd frame, and correct receipt of a last frame. 
At any point in a transmission and reception process 

only one of the two transmission conditions can exits, 
and only one of the acknowledgment conditions can 
exist. Because of this historical dependency reception 
calculations need only be evaluated for the possible 
choices and the impossible choices can be ignored. 

Accordingly, it is a principal object of the invention 
to make a communications channel appear to only have 
gaussian noise present even though random impulsive 
noise is present. 

It is another object of the invention to make the com 
munications channel appear to only have gaussian noise 
present even though non-random impulsive noise is 
present. 

It is a further object of the invention to eliminate the 
need to totally discard transmitted frames of informa 
tion when an error is detected in the frame. 

It is a further object of the invention is to dynamically 
adjust the data rate through the channel to the in situ 
noise conditions. 
Another object of the invention is to use measured 

data rates to automatically adjust transmitter power to 
keep the data rates within prescribed limits. 

Yet still another object of the invention is to provide 
information to system operators on the historical char 
acteristics of the communications channel, both of a 
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short term duration (the chip to bit ratio required for a 
particular frame to be sent from one station to another) 
and of long duration (channel average chip to bit ratios 
that can be used to indicate such things as aging degra 
dation of the system and predictions as to when correc~ 
tive action will be required). 

It is an object of the invention to provide improved 
elements and arrangements thereof in an apparatus for 
the purposes described which is inexpensive, depend 
able and fully effective in accomplishing its intended 
purposes. 
These and other objects of the Present invention will 

become readily apparent upon further review of the 
following speci?cation and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are block diagrams of the present 
invention. . 

FIGS. 2A-2E are flow charts for the transmission 
process of the ?rst embodiment of the present inven 
tion. 
FIG. 3 illustrates how data is modulated in the ?rst 

embodiment of the present invention. 
FIGS. 4A-4C are ?ow charts for the reception pro 

cess of the ?rst embodiment of the present invention. 
FIGS. 5A-5C are block diagrams of the various sys 

tem con?gurations for the various embodiments of the 
present invention. 

Similar reference characters denote corresponding 
features consistently throughout the attached drawings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The packet communications system for the ?rst em 
bodiment of the present invention utilizes a transmitter 
control system 1 to transmit data to a receiver. The 
transmitter control system 1 of the present invention is 
illustrated in FIG. 1A, The central processing unit 
(CPU) 3 is the main controller for the transmitter con 
trol system 1 and includes the necessary read only mem 
ory (ROM) random access memory (RAM) necessary, 
and clock signals for its operation. 
An address bus 33 is used to allow the CPU 3 to 

access a speci?c portion of a particular circuit attached 
thereto. Part of the address bus 33 is used to specify the 
particular circuit, another part of the address bus 33 is 
used to access a speci?c portion of the particular circuit. 
The address bus also contains a write enable signal 
which allows the storage of information into the spe 
ci?c portion of the particular circuit from the data bus 
35 when the write enable signal is asserted. When the 
write enable signal is not asserted, information from the 
speci?c area of the particular circuit addressed is trans 
ferred to the CPU 3 on the data bus 35. The transfer of 
data to and from storage circuitry as described above is 
well-known in the microprocessor art. 
The frame store 9 is used to store the packets of infor 

mation as frames of bits in the ?rst embodiment. The 
pseudo-random number (PRN) store 11 is used to store 
the various pseudo-random numbers used in the ?rst 
embodiment to modulate each frame of data to be trans 
mitted. The digital modulation circuit 19 is used to 
modulate the bit frame or portion thereof provided to it 
by CPU 3 on the BF data line by the portion of a PRN 
provided to it by the CPU 3 on the data bus 35. Once 
the digital modulation circuit 19 is accessed by the ad 
dress bus 35, and the ENABLE line is activated by the 
CPU 3, the data on the BF data line is modulated and 
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6 
the result thereof is produced on the CF data line repre 
senting the chip frame data for that portion of the bit 
frame just modulated. The bit frames are stored in the 
output buffer circuit 13 as they are modulated. The 
transmitter control circuit 15 accesses the output buffer 
13 to retrieve data to be transmitted. The transmitter 
control circuit utilizes and address bus 37 to access 
storage locations within the output buffer 13 so as to 
retrieve data on the data bus 39. The address busses 37 
and 35 are connected to circuitry within the output 
buffer 13 so that only one data bus can access the output 
buffer memory during any one portion of a clock cycle. 

Transmitter control circuit 15 transmits the modu 
lated bit frames along a data path of a communications 
channel via antenna 17. The antenna 29 is used to re 
ceive the CRA signal along a feedback path of the com 
munications channel which is sent by the receiver. An 
input buffer circuit 25 is used to store each chip of the 
CRA as it is received from the CRA detection circuit 
27, Data line 25 is connected to dedicated input ports of 
the CPU 3 so as to transmit the CRA chips stored in the 
input buffer circuit 25 when they are received by the 
input buffer circuit 25, Other dedicated ports include 
the BF data line, the CF data, the ENABLE line, and 
the data bus 41. 

The Transmission Process 

The algorithm for the ?rst embodiment of the present 
invention is described in detail in FIGS. 2A through 2E. 
Block 101 is the start of the transmission process which 
may be initiated in any conventional manner, e.g., push 
ing a transmit button. Block 102 is performed after the 
transmission process begins and until at least one packet 
has been stored within the input buffer circuit In the 
?rst embodiment, the input buffer circuit 9 is provided 
with data from an external input peripheral device 21. 
In the ?rst embodiment, the data stored in the input 
buffer circuit 9 are the bits which make up each packet. 
Once it is determined that a packet of information is 
available within the input buffer circuit 19, then a 
packet is retrieved therefrom as illustrated in block 103. 
In the ?rst embodiment I will assume that the packet 
consists of 138 bits. 
The packet retrieved from the input buffer circuits 19 

may ?t one of four categories: a First Packet, an Even 
Packet, an Odd Packet, or a Last Packet. It is possible 
for a special case to occur where only one packet is in 
the input buffer in which case it will be treated as a Last 
Packet (even though it is also a First Packet). Of these 
four possible cases, only two are possible options at any 
given time based on the type of packet that preceded it, 
and of the two possible options one of the options is 
always the Last Packet option. For example, if the ?rst 
packet has been retrieved, then that packet could be a 
?rst packet or a last packet. If the packet retrieved is the 
second packet, then the packet is either an even packet 
or a last packet. If the packet retrieved is the third 
packet retrieved since the “yes” decision was made in 
block 102, then the packet is an odd packet or a last 
packet, etc. 
For the present discussion, it is assumed that the ?rst 

packet is not the last packet in block 4 of FIG. 2A. The 
next step illustrated in block 105 is to set a counter F to 
zero for purposes described below. Afterwards, an 
error control code is added to the packet to produce a 
frame as indicated by step 106. This bit level error con 
trol code will be used by the receive station to deter 
mine the validity of the received frame of information. 
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As noted above, many such codes exist in the prior art 
such as the CRC-l6, or CRC-CCITT. For illustrative 
purposes I will assume 16 bits are used by the error 
control code. The combination of 1384 bits in the 
packet with 16 error control bits yields a frame of 1400 
bits. 

In block 107, the spread spectrum modulation and 
interleaving process is accomplished. This is the process 
by which the random burst component of the com 
pound error channel is effectively purged from the 
system by distributing its energy over the frame. The 
preferred method of spread spectrum modulation and 
interleaving is conducted as follows for the ?rst chip 
frame: 

1. the ?rst bit of the PRN modulates the ?rst bit of the 
frame (chip one), 

2. the second bit of the PRN modulates the second bit 
of the frame (chip two), 

3. the third bit of the PRN modulates the third bit of 
the frame (chip three), 

4. etc., etc., etc., 
5. the 1,398th bit of the PRN modulates the 1,398th 

bit of the frame (chip 1,398), 
6. the 1,399th bit of the PRN modulates the 1,399th 

bit of the frame (chip 1,399), 
7. the 1,400th bit of the PRN modulates the 1,400th 

bit of the frame (chip 1,400; the ?rst “chip frame” has 
now been modulated) 
The digital modulation circuit 19 is used to modulate 

the bit frame to generate the chip frame. FIG. 3 illus 
trates a block diagram of a portion of the modulation 
circuit 19. Bit frame data from the BF data line are 
stored in frame bit locations I through Y of memory 50, 
where Y is equal to 1,400 in the ?rst embodiment. For 
example, if the BF data line is connected to 16 dedicated 
ports of the CPU 3 and the digital modulation circuit, 
then the BF data line would have to be loaded 88 times 
to completely store all 1,400 bits of the frame, wherein 
during the eighty-eighth time only half of the BF data is 
left. The PRN data is loaded into chip generators 51 
from the data bus 35 in the same manner as the memory 
circuits 50 are loaded. Both memory circuits 50 and 
chip generator circuits 51 are accessed by the address 
bus 33 so that the bit frame data and PRN data are 
stored at the same time. 
The chip generator circuits 51 have storage locations 

to store the PRN bits and also have exclusive or (XOR) 
logic circuitry to produce an output upon perceiving 
the ENABLE signal so as to XOR each bit frame with 
the appropriate chip frame as discussed above, thereby 
producing the modulated bit frame as the chip frame 
data. The chip frame data is stored in memory circuits 
52. If the CF data line has 16 dedicated ports connecting 
the digital modulation circuit 19 and the CPU 3, then 
the address bus will have to access the chip frame 
eighty-eight times, wherein during the eighty-eighth 
time only half of the memory circuits 51 are accessed, 
e.i. only eight bits of information would be transferred 
to the CPU 3. 

In block 108, the order of the chips is scrambled in 
accordance with a “chip frame” PRN. In this manner 
the ?rst chip may be located in the eighth chip location 
or some other location. The objective here is similar to 
that in step 107 except this step is speci?cally designed 
to counter burst noise that is in synchronization with the 
chip frame structure (that is jamming). This is the pro 
cess by which the cyclic synchronized burst component 
of the compound error channel is effectively purged 
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8 
from the system by distributing its energy over the 
frame. For example, if the synchronized burst compo 
nent tends to occur in the eighth chip frame component, 
then for the ?rst frame the ?rst chip may be lost since it 
was changed to the eighth chip location. In a subse 
quent chip frame the eighth chip location would be 
occupied by another chip representing a different bit of 
the frame. Once the ?rst chip frame has been generated 
then the subsequent chip frames are generated in a simi 
lar fashion: 

8. the 1,401th bit of the PRN modulates the 1st bit of 
the frame (chip 1,401; the start of the second chip 
frame), 

9. the 1,402nd bit of the PRN modulates the 2nd bit of 
the frame (chip 1,402), 

10. the 1,403rd bit of the PRN modulates the 3rd bit 
of the frame (chip 1,403). 

11. etc., etc., etc., until the frame has been modulated 
to (the exact number to be a design determination) ten 
times the expected “chip-to-bit” ratio. 

12. the 1,400,000th bit of the PRN modulates the 
1,400th bit of the frame (chip 1,400,000; for this example 
the expected chip-to-bit ratio is 100, each bit would be 
modulated by 1,000 chips). 
A method of visualizing this would be to think of it as 

a Time Division Multiplexed channel with 1400 as 
signed time slots. Each time slot would contain one chip 
representing the bit frame after it has been modulated. 
This is done 1000 times. After step 108 has been com~ 
pleted and 1000 chip frames have been modulated and 
stored in the output buffer 13, the transmitter control 
circuit 15 begins to transmit the ?rst chip frame, see 
block 28 of FIG. 2C, and then the CPU 3 waits to re 
ceive the ?rst CRA signal from the receiver, see block 
129. In steps 132 and 133, the number of chip frames 
transmitted are counted and, if they exceed 1000 for the 
?rst frame, a malfunction has occurred in the system. A 
system error is indicated to the operator if this occurs, 
see block 34. The receiver control system 2, to be de 
scribed later, would be able to demodulate the chip 
frames representing the ?rst frame before the one-thou 
sandth chip frame is transmitted unless a hardware fail 
ure occurs. 

While the transmission process represented in blocks 
128, 129, 132, and 133 are being performed by the trans 
mit control circuitry 15, the CPU 3 is retrieving the next 
packet to be transmitted, see block 118. In block 119, 
the next step is to determine whether this packet is the 
last packet. If not, then the second packet is to be trans 
mitted. The counter E is set to zero in block 121. 
The steps performed in blocks 123, 125, and 127 per 

form the same function on the second frame or any 
subsequent even frame as the steps which were per 
formed on the ?rst frame in blocks 16, 17, and 18, re 
spectively. If the second packet, or any subsequent even 
packet, happens to be the last packet to be transmitted, 
the steps in blocks 120, 122, 124, and 129 are performed 
which are identical to the steps performed in blocks 121, 
123, 125, and 127 for an even packet. After the next 
packet to be transmitted is modi?ed to a bit frame as 
discussed above and that bit frame is modulated to be a 
series of chip frames as discussed above, then the CPU 
3, waits for the reception for the ?rst CRA signal, see 
block 129. 
Once the receiver control system 2 successfully de 

modulates the chip frames being transmitted by the 
transmitter control system 1 along the data path of the 
communications channel, the system 2 transmits the 
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?rst CRA along the feedback path of the communica 
tions channel, see FIG. 5A. Once the ?rst CRA has 
been received as determined in block 129 of FIG. 2C. it 
is determined whether or not the packet just modulated 
by the CPU 3 as discussed above while the ?rst chip 
frame was being transmitted is the last packet. If not, 
then the process goes on to the steps in FIG. 2D. Note 
that steps 18 through 127 are a parallel process per 
formed simultaneously with steps 128, 129, 132, and 
133. 
FIG. 2D is identical to FIG. 20 except that the 

packet modulated in the steps of blocks 140-144 is an 
odd packet, such as the third packet after the yes deci 
sion of block 102 in FIG. 2A. Also, in step 146 the 
transmitter system is waiting for an even CRA since the 
current chip frames being transmitted represent the bit 
frame of the second packet or some other even packet 
retrieved from the input buffer circuit 9 since the last 
yes decision of block 102. 

After the even CRA is received, the next step is to 
determine whether or not the previous packet modu 
lated in the parallel process of FIG. 2E. e.g., blocks 152, 
153, etc., was the last packet to be retrieved in the input 
buffer circuit 9. If not the process goes back to the 
procedures of FIG. 2D. The processes of FIGS. 2D and 
2B are performed until a last packet is retrieved. Note 
that any packet which is not even, not the ?rst packet, 
and not the last packet, is considered odd although it 
may be the thirteenth packet or some other prime num 
ber packet. 
Once the last packet has been reached as determined 

in either steps 130, 147, or 164, then the process pro 
ceeds to block 113 of FIG. 2B. Blocks 113, 114, 114, and 
116 perform the-same steps as blocks 128, 129, 132, and 
133 did for the ?rst packet transmitted. Note that blocks 
109 through 112 are performed only if the ?rst packet is 
also the last packet to be transmitted. Once the last 
CRA is received as determined in block 114, the process 
returns to step 102 to wait for the next available packet. 

The Reception Process 

The reception process consists of some preliminary 
steps required for synchronization that are in continu 
ous operation, see blocks 201, 202, and 203. The step 
represented in block 204 correlates the ?rst bit frame 
(FBF). This process is simply inverting the actions per 
formed by the transmitter. The synchronization process 
gives the exact time to concurrence the process, and the 
pseudo random structures to rearrange the chip frames 
back to the bit frame order is known, and the exact 
duration of the chip frame is provided by the synchroni 
zation process so the process of associating the chips for 
a given bit is clear and the pseudo random sequence 
used to modulate the bits is a known factor. 
The receiver control system 2 is shown in FIG. 1B. 

The antenna 16 receives the transmitted data from the 
data path. The data signal is detected by the data re 
ceiver circuit 18 and is and the received chip data is 
input to the input buffer 20. The data line 40 transfers 
data from the input buffer 20 to the CPU 4 of the re 
ceiver. PRN store 10 stores the same PRNs which are 
identical to the PRNs stored in the transmitter control 
ler system 1. In this manner the location of each chip 
representing a particular bit frame location can be deter 
mined as well as the particular PRN bit which modu 
lated that particular bit of the frame. Since the XOR 
technique was used to modulate the bits of the frame, 
then if the bit of the PRN agrees with the received chip, 
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than the demodulated bit would be a zero: otherwise, 
the modulated bit was a one. With synchronization 
achieved, the receiver knows exactly which PRN mod 
ulated which bit of the frame, and is therefore able to 
modulate each chip to reconstruct the bit frame as each 
chip frame is received. However, it is to be noted that 
some of the chip frames are going to be corrupted by 
noise so as to be improperly demodulated. After enough 
of the chip frames are received, eventually a majority of 
the chips will indicate the proper bit modulated, while 
a minority of the chips were chips which were improp 
erly demodulated. 
The step performed in block 206 establishes some 

basic threshold requirements to exceed before an at 
tempt to generate the bit frame is made. The ?rst re 
quirement is that The current chip to bit ratio (CBR) at 
the receiver for this bit frame be greater than the chip to 
bit ratio required to overcome the known thermal noise 
for the communications channel. Reliable communica 
tions can not occur below this value. Any “valid” bit 
frames below this value are a result of small sample size 
statistical odds and are likely to be a false “valid” indi 
cation. 
The second requirement is that the CBR must be 

greater than 80% of the equivalent value associated 
with the synchronization signal (0.8R). For example, if 
80% of the chips of the synchronization signal sent by 
the transmitter are received correctly then at least 64% 
of the chips received for each bit of the frame must 
agree that chip is a particular binary digit. After each 
chip frame is received, and the preliminary conditions I 
are meet, a chip frame is calculated. 
At step 208 the bit frame error control code is evalu 

ated to determine frame validity. If the frame is not 
valid, another chip frame is added to the correlation by 
cycling back through steps 204 & 206. If the bit frame is 
validated the correlation buffers are reset in preparation 
for the next bit frame (step 16), and the acknowledg 
ment process is started (step 10). 
The actions required in steps 210, 212, and 214 are 

clear, but the method of performing step 212 does re 
quire clari?cation. At this point in the process the re 
ceiver “knows” what the transmitter is sending in both 
structure and content. Given this fact the chip stream 
can be compared to one generated by the receiver to 
detect when the transition to the next bit frame has 
occurred. The reason why separate First, Last, Even & 
Odd codes are used if to ensure that the transitions will 
be identi?ed. It is possible that if a series of packets are 
being transmitted, and a burst of noise occurred such 
that the receiving station never recognized the transi‘ 
tions to the next frame and continues sending the CRA, 
the continuous CRA could be used for the wrong 
packet by the transmitter. 

The Time/Distance Factors 

The time/distance factors, those being the distance 
between the transmitter and receiver, the chip transmis 
sion rate, the nominal chip to bit ratio, and the number 
of bits in the frame need to be chosen carefully for 
optimum performance. 
The method of obtaining a high energy ef?ciency is 

by the careful selection of the nominal chip-to-bit ratio 
(usually greater than 99 to achieve a nominal through 
put ef?ciency of 99% or better), frame size (greater 
than three times the nominal chip-to-bit ratio plus two 
“processing” times), and the physical distance separat 
ing station “A” from station “B” over the channel. The 



5,335,247 
11 

requirement is that station “B” must determine that a 
“valid” packet of data has been received and station 
“A” must “know” this fact in less time than is required 
for station :“A” to transmit one chip frame. 
For example, if I assume that station a will validate 

the proper reception of a frame of information after 
receiving 100 chip frames the following sequence of 
events and time intervals illustrates the proper time/dis 
tance relationships. 

1. Station “A” starts sending chip frame 101. 
2. Station “A” is separated from station “B” by 400 

chips (a chip represents a unit of distance if one con 
siders the wave propagation speed in the channel to be 
a constant and the chip rate to be a constant: if the 
desired bit rate is 10,000 bits per second then for a nomi 
nal chip-to-bit ratio of 100 the chip rate will be 
1,000,000 chips per second: if the channel wave propa 
gation speed is 2.5 X 108 meters per second then channel 
wave propagation speed divided by chip rate is distance 
per chip or [2.5><108 meters per second] divided by 
[1 X 108 chips per second] is 250 meters per chip, or 100 
kilometers for 400 chips). 

3. When station “A” starts sending chip 401 of chip 
frame 101, station “B” will have received the last chip 
in chip frame 100. 

4. Assume that station “B” takes the time associated 
with the transmission of 100 chips (processing time one) 
to determine the bit frame is correct and start sending 
the CRA (station “A” is now at chip 500 of chip frame 
101). 

5. It takes 400 chips of time for the leading edge of the 
CRA to reach station “A” (station “A” is now at chip 
900 of chip frame 101). 

6. As long as there are less than 16 units of informa 
tion (a binary word of four digits) contained in the CRA 
an average of 400 chips or less will be required to prop 
erly interpret the CRA (station “A” is now at chip 1300 
of chip frame 101). 

7. Station “A” has 100 chips of time to prepare for the 
transmission of the next bit frame when the next chip 
frame starts its transmission cycle. 

Alternate Embodiments 

In the ?rst embodiment of FIG. 5A, a feedback-path 
is used for the CRA signal while the data path is used to 
transmit the chip frames as well as a synchronization 
signal as discussed above. However, in a second em 
bodiment as shown in FIG. 5B, the feedback path of the 
communications channel can be omitted. The second 
embodiment is a full duplex system in which a transmit 
ter control system 1A and a receiver control system 2A 
are located at a site A. while receiver control system 2B 
and transmitter control system are located at a different 
site B. The transmitter control systems A and B have 
the same circuit diagram as transmitter control system 1 
as illustrated in FIG. 1A. 
The transmitter control system 1A transmits the chip 

frames and a synchronization signal along the data path 
AB. The synchronization signal also contains the CRA 
signal which will be explained in more detail below. 
The receiver control system 2B receives the chips in the 
same manner as the receiver controls system 2 does. 
The only difference is that the receiver 2B also receives 
the CRA signal and must decode it. This is not a prob 
lem since, as discussed above, there are only two alter 
native CRA signals which the receiver looks for at any 
one time, dependent on the previous frame received. 
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For example, if the receiver has not received any chip 

frame, e.g. is just beginning the receiving process, then 
the receiver is either looking for a ?rst CRA signal to be 
transmitted along with the synchronization signal or a 
Last CRA signal to be transmitted along with the syn 
chronization signal. If only the synchronization signal is 
received by the receiver control system 2B, then the 
receiver control system 2A has not yet decoded the 
chip frame being presently transmitted by the transmit 
ter control system 1B. If the receiver control system 2A 
had decoded the chip frame being transmitted by the 
transmitter control system 1B, then the receiver control 
system 2A would indicate this to the transmitter control 
system 1A via an external peripheral output device 30 
connected to one of the external peripheral input de 
vices 21 of the transmitter control system 1A. Once the 
receiver control system 2A has indicated to the trans 
mitter control system 1A that the chip frame being 
received by it has been correctly demodulated, the 
transmitter control system 1A transmits the proper 
CRA signal along the data path AB along with the 
synchronization signal and the chip frame being trans 
mitted by the transmitter control system 1A. The re 
ceiver control system 2B would then indicate to the 
transmitter control system 18 that the receiver control 
system 2A has decoded the present bit frame. The trans 
mitter control system then stops transmitting the chip 
frames of that bit frame in the same manner as disclosed 
with the ?rst embodiment. The transmitter control sys 
tem 1B starts transmitting at this point the next series of 
chip frames representing the next bit frame to be trans 
mitted. 
Once receiver control system 2B properly demodu 

lates the bit frame being transmitted by the transmitter 
control system 1A, then the receiver control system 
indicates this to the transmitter control system 1B, 
which in turn indicates this to the receiver control sys 
tem 2A, which in turn informs the transmitter control 
system 1A. This is accomplished in the same manner 
that the receiver control system 2A informed the trans 
mitter control system 1B described above. In this man 
ner, in the second embodiment of the present invention, 
separate feedback paths are not required. 

In a third embodiment, as illustrated in FIG. 5C, not 
feedback path is required because there is not feedback 
between the transmitter control system 1C and the re 
ceiver control system 2C. The transmitter control sys 
tem 1C has the same circuit con?guration as the trans 
mitter control system 1 of the ?rst embodiment. The 
receiver control system 2C has the same circuitry con 
?guration as receiver control system 2 of the ?rst em 
bodiment. The transmitter control system 1C takes the 
data input to it and modulates it to create the interleaves 
chip frames as discussed above, e.g. see the discussion of 
block 107 of FIG. 2A. Also, if desired, the positioning 
of the chip frame locations may be rearranged as dis 
cussed above, e.g. see the discussion of block 108 of 
FIG. 2A. The receiver control system 2C demodulates 
the data on the data path in the same manner as dis 
cussed above in conjunction with the ?rst embodiment: 
however, no CRA is sent. 
The data input to the transmitter control system 1C 

could be packets of information discussed above, or it 
could be chip frames which are not interleaved, i.e. all 
chips in one contiguous group represent one bit of the 
frame. In this case the transmitter control system 1 
would simply store the entire chip frame and transmit it 
in an interleaved fashion as discussed above so as to 



5,335,247 
13 

transform a compound error communications path to a 
gaussian noise channel by spreading any burst noise 
which may occur in a contiguous stream of chips among 
many modulated bit frames since each contiguous chip 
represents a different bit frame. 
The present invention is not limited to the embodi 

ments described above, but encompasses any and all 
embodiments within the scope of the following claims. 

I claim: 
1. A method of transferring packet communication 

data between a ?rst site and a second site using a com 
munications channel having a ?rst communications 
path and a second communications path, said method 
comprising the steps of: 

receiving at the ?rst site a ?rst plurality of bits; 
forming at the ?rst site a predetermined number of 

?rst bit frames from the ?rst plurality of bits, each 
of the predetermined number of ?rst bit frames 
having a bit string of a ?rst predetermined length 
which includes a ?rst error code in a speci?c loca 
tion of each of the predetermined number of ?rst 
bit frames; 

spread spectrum modulating at the ?rst site each of 
the predetermined number of ?rst bit frames bit by 
bit with a ?rst pseudo random number having a 
?rst predetermined chip to bit ratio to the predeter 
mined number of ?rst bit frames so as to form a 
succession of ?rst transmission queues; 

initially establishing at the ?rst site one of the ?rst 
transmission queues as a ?rst transmission queue to 
be transmitted along the ?rst communication path; 

?nally establishing at the ?rst site the ?rst transmis 
sion queue to be transmitted as a presently trans 
mitted ?rst transmission queue, being the result of 
spread spectrum modulation of a presently trans 
mitted ?rst bit frame of the predetermined number 
of ?rst bit frames; 

transmitting at the ?rst site along the ?rst communi 
cation path a ?rst succession of chip frames from 
the presently transmitted ?rst transmission queue 
such that each chip frame thereof contains a se 
quence of chips having a length equivalent to the 
predetermined length of the bit string for each of 
the predetermined number of ?rst bit frames, 
wherein each of the chips of the sequence of chips 
for each chip frame of the ?rst succession of chip 
frames from the presently transmitted ?rst trans 
mission queue is a result of a modulation of one of 
the bits of the presently transmitted ?rst bit frame 
with one of the bits of the ?rst pseudo random 
number; 

monitoring at the ?rst site the second communication 
path for a ?rst correct receipt acknowledgement 
signal; reestablishing at the ?rst site a next succes 
sive transmission queue to the presently transmit~ 
ted ?rst transmission queue within the succession 
of ?rst transmission queues as the ?rst transmission 
queue to be transmitted upon receipt of the ?rst 
correct receipt acknowledgement signal if such a 
next successive transmission queue thereof exists; 

temiinating the transmission of packet communica 
tion data from the ?rst site to the second site if the 
next successive transmission queue does not exist as 
determined in said step of reestablishing at the ?rst 
site; and 

repeating at the ?rst site said steps of ?nally establish 
ing at the ?rst site, transmitting at the ?rst site, 
monitoring at the ?rst site, reestablishing at the ?rst 
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site, and terminating the transmission of packet 
communication from the ?rst site to the second site 
if the next successive transmission queue does exist 
as determined in said step of reestablishing at the 
?rst site. 

2. A method of transferring packet communication 
data as claimed in claim 1, further comprising the step 
of scrambling at the ?rst site the order of each chip 
location within each chip frame of each of the transmis 
sion queues of the succession of ?rst transmission queue 
after said step of spread spectrum modulating at the ?rst 
site and before said step of initially establishing at the 
?rst site. 

3. A method of transferring packet communication 
data as claimed in claim 1, further comprising the steps 
of: 

receiving at the second site along the ?rst communi 
cation path each of the chip frames of the succes 
sion of ?rst chip frames of the presently transmitted 
?rst transmission queue; 

storing at the second site each of the ?rst chip frames 
received during said step of receiving at the second 
site; 

demodulating at the second site each of the ?rst chip 
frames stored in said step of storing at said second 
site using the ?rst pseudo random number; 

correlating at the second site each of the chips of each 
of the demodulated ?rst chip frames of each chip 
location thereof with the chips of the other demod 
ulated ?rst chip frames of the same chip location 
thereof after a predetermined minimum number of 
?rst chip frames have been demodulated so as to 
obtain an amount of correlation for each of the chip 
locations of each demodulated ?rst chip frame with 
the other chips of the other demodulated ?rst chip 
frames having the same chip location; 

comparing at the second site the amount of correla 
tion between each of the chip locations of each 
demodulated ?rst chip frame for a ?rst minimum 
acceptable predetermined amount of correlation; 

reconstructing at the second site a reconstructed ?rst 
bit frame having a bit string of the ?rst predeter 
mined length by assigning a value for each bit loca 
tion of the reconstructed ?rst bit frame in accor 
dance with the correlation between each corre 
sponding chip location of each demodulated ?rst 
chip frame if each correlation thereof is either 
greater than or equal to the ?rst minimum accept 
able predetermined amount of correlation, such 
that the correlation between each of the chip loca 
tions of each demodulated chip frame established in 
said step of correlating at the second site deter 
mines the bit value of a respective reconstructed 
?rst bit frame bit location; 

testing at the second site the validity of the recon 
structed ?rst bit frame of the second site by using a 
reconstructed ?rst error code thereof located in the 
same speci?c location of the reconstructed ?rst bit 
frame as was assigned to the ?rst error code of the 
predetermined number of ?rst bit frames formed at 
the ?rst site; 

repeating to process at the second site more chip 
frames of the ?rst presently transmitted queue of 
the ?rst site if the validity of the reconstructed ?rst 
bit frame as determined in said step of testing at the 
second site is determined to be invalid by repeating 
said steps of receiving at the second site, storing at 
the second site, demodulating at the second site, 






